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Abstract—Latitudinal trends in the numbers of species and genera of all subfamilies of Bracon-
idae in America north of Mexico were examined by compiling lists of published records for states
(USA) and provinces (Canada) and grouping these into approximate latitudinal belts. The data
obtained agree well with past studies on the species richness of Ichneumonidae in North America
(Janzen 1981) with peaks in numbers of taxa occurring in the belt lying approximately between
37° and 42° North. The ratio of idiobiont to koinobiont genera and species increased monotonically

with decreasing latitude.

Most insect groups increase in species
richness with decreasing latitude (see Ste-
phens 1989). However, there is a body of
evidence that the species richness and di-
versity of some groups of insect parasit-
oids, whilst increasing towards the trop-
ics, does so at a lesser rate than does the
species richness and diversity of herbivo-
rous insects (Owen & Owen 1974; Gauld
1986; Noyes 1989). Whilst there is good
evidence that the species richness and per-
haps also diversity of some groups of par-
asitic Hymenoptera, such as the Chalci-
doidea, increases towards the tropics (e.g.
Hespenheide 1979), for others it has been
suggested that species richness may even
be greater in temperate than in tropical
regions, a trend referred to as anomalous
diversity (Owen & Owen 1974; Janzen &
Pond 1975; Janzen et al. 1976). However,
these conclusions have been challenged on
the grounds of sampling methodology
(Morrison et al. 1978; Hespenheide 1979),
and also because they mostly deal with
just one family, the Ichneumonidae, and
the generality of these findings has yet to
be demonstrated.

Janzen (1981) examined the latitudinal
distributions of members of eight subfam-
ilies of Ichneumonidae in North America

using the catalogues of Townes. These cat-
alogues were based on an enormous
amount of work and were therefore taken
to be relatively geographically unbiased,
though the possibility does exist that since
Townes himself did much of his collecting
around Michigan, the taxonomic coverage
of that part of the United States may have
been relatively more complete. However,
Janzen’s approach does overcome some of
the difficulties encountered when working
on tropical versus temperate comparisons
in that sampling and taxonomic effort
within the temperate region has been
comparatively evenly distributed and
more thorough because of the long history
of collecting and revisionary work that
has been carried out there. Surprisingly,
Janzen found that the peak in North
American ichneumonid species richness
occurs between 38° and 42° North, i.e. spe-
cies richness was not found to increase
consistently with decreasing latitude. The
question remained, however, whether this
result was more generally applicable to
other groups of parasitic Hymenoptera.
Indeed there is a growing body of evi-
dence to suggest that different groups of
parasitoids show quite different trends in
their species richness with respect to lati-
tude (Gauld 1986; Askew 1990).
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The present work attempts to carry out
for the Braconidae, a similar exercise to
Janzen’s (1981) ichneumonid study. The
Braconidae are generally accepted as be-
ing the extant sister group of the Ichneu-
monidae (Sharkey & Wahl 1992), and col-
lectively, the two families constitute the
superfamily Ichneumonoidea. Juillet
(1964) obtained data from samples of ich-
neumonoids caught in a rotary trap at a
single site in Canada, which suggested
that members of the Ichneumonidae ‘pre-
fer’, and hence are more diverse in, cooler
and more humid habitats than members
of the Braconidae. Thus, it might be ex-
pected that braconids will, as a whole, be
more species rich at lower latitudes than
ichneumonids, and therefore might not
show the same peak in species richness
that Janzen found for Nearctic Ichneu-
monidae. Thus, as pointed out by Whar-
ton (1993a), the distribution of species
richness in the Braconidae ought to make
an interesting comparison with the Ich-
neumonidae.

Catalogues and descriptions of Nearctic
Braconidae usually provide data on the
state or province from which material has
been recorded or described. We therefore
divided the states of the USA and the Ca-
nadian provinces collectively into 5
groups such that each group occupied a
reasonably constant latitudinal zone with
minimal latitudinal overlap between
groups (Fig. 1). The areas of the five zones
are given in Table 2. Whilst it was not pos-
sible to completely avoid overlap, the ef-
fect of such overlaps will be to reduce
rather than enhance the likelihood of de-
tecting latitudinal gradients, and conse-
quently our results will be conservative.
The resolution of latitudinal trends in the
present study is necessarily somewhat
coarser than that obtained by Janzen
(1981) as information on distributions is
only readily available in the form of state
or province records.

The primary sources of distributional
data were the catalogues of Shenefelt
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(1969, 1970a, b, 1972, 1973a, b, 1974 1975,
1978), Shenefelt & Marsh (1976) and
Marsh (1979). We then attempted to take
into account many of the subsequently
published taxonomic changes so as to al-
low for new synonymies, new generic
placements, newly described taxa and
new distribution records (van Achterberg
1977, 1979, 1983, 1985, 1986, 1987, 1988a,
b; Capek & Achterberg 1992; Deyrup 1981;
Haeselbarth & Loan 1985; Huddleston
1976; Johnson 1987; Loan 1979; Loan &
Holliday 1979; Marsh 1988, 1989, 1991,
1993; Mason 1975, 1976a, b, 1978, 1979,
1981, 1987, 1991; Quicke & Kruft 1995;
Quicke & Sharkey 1985; Riegel 1987; Ries-
ke et al. 1989; Saffer 1982; Sharkey 1985,
1988; Sharkey & Mason 1986; Sharkey &
Wharton 1985, 1994; Shaw 1983, 1985,
1992, 1993; Stary & Marsh 1982; Wharton
1977a, b, 1980, 1983, 1986, 1988, 1993b,
1994; Wharton & Quicke 1988; Wharton et
al. 1989; Wheeler & Loan 1984; Whitfield
1985, 1988a, b; Whitfield & van Achter-
berg 1987; Whitfield & Mason 1994; Wil-
liams 1985, 1988). In addition, a few un-
published data were included for the fol-
lowing taxa: Vipio (Braconinae) (Inayatul-
lah 1992); Pholetesor (Microgastrinae) (J.
Whitfield, in press); undescribed genus of
Euphorinae (S. R. Shaw, pers. comm.). The
genus Celerion is excluded as its subfamil-
ial status is questionable (Marsh, pers.
comm.). No data are included for intro-
duced species.

The treatment of subfamilies largely fol-
lows that of Quicke & Achterberg (1990)
except that the Hormiini and Meteorini
are treated here as separate subfamilies.

No pretence is made that this taxonomic
treatment is complete, but it is hoped that
it is unbiased and, therefore, that any er-
rors that may have been included and any
omissions there may be will not affect the
results substantially.

RESULTS AND DISCUSSION

The numbers of genera and species of
each subfamily recorded as occurring in
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each of the five latitudinal zones are pre-
sented in Tables 1 and 2. The subfamilies
are arranged in two groups, the first being
idiobionts (Table 1) and the second koino-
bionts (Table 2). As expected, different
subfamilies showed markedly different
latitudinal trends, though nearly all
showed maximum generic and specific
representation in our latitudinal zone IV
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Map of North America showing boudaries of latitudinal zones employed in the present study.

which corresponds approximately to the
latitudinal range from 37° and 42° North.
None of the larger subfamilies was found
to be most speciose in zone V. Four of
these, the Braconinae, Microgastrinae, Ma-
crocentrinae and Opiinae were most di-
verse in zone III. Our data for the Alysi-
inae, usually considered a more temperate
and northern group, suggest that within
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Table 1.
Fig. 1). Idiobiont taxa

197

Distributions of genera and species of braconid subfamilies with respect to latitudinal zones (see

Subfamilies

Histero-

Rhyssalinae merinae Doryctinae Braconinae Exothecinae Hormiinae Total

Genera
Zone | 0 0 2 8 2 1 8
Zone II 2 1 8 9 3 2 25
Zone 111 1 1 16 8 4 4 34
Zone IV 2 1 20 7 3 6 39
Zone V 1 1 28 10 2 8 50

Species
Zone 1 0 0 2 4 3 1 10
Zone II 2 1 85 67 4 3 112
Zone 111 5 1 72 108 5 3 196
Zone IV 4 1 111 104 2 12 235
Zone V 1 1 105 86 2 11 206

North America, it is at its richest in the
middle latitudes of the U.S.A. (zone 1V) as
with most other subfamilies.

Table 3 provides a comparison of the
relative latitudinal distributions of braco-
nid genera and species according to zone
and in terms of taxa per unit area. Addi-
tionally, it shows the total numbers of
idiobiont and koinobiont taxa and the ra-
tios of numbers of koinobiont to idiobiont
taxa in each latitudinal zone. The latter
show consistent trends for both genera
and species, with the ratio of koinobionts
to idiobionts decreasing with decreasing
latitude.

It has long been recognised that some
subfamilies of Braconidae are most species
rich in the temperate region whilst others
are tropicocentric. For example, the Alysi-
inae, which are entirely koinobiont endo-
parasitoids of Diptera, are a principally
northern group, and whilst there are many
undescribed tropical members of the genus
Asobara, a group that attacks Drosophili-
dae, more detailed knowledge of these is
not likely to change our concept of the sub-
families overall distribution to a major de-
gree. In contrast, the Agathidinae and Car-
diochilinae, two groups of koinobiont en-
doparasitoids of Lepidoptera larvae, are
both most speciose in the tropical region

(Sharkey 1992; Huddleston & Walker
1988), and the latter in particular is rather
species poor in temperate latitudes. Some
groups are restricted in latitudinal range by
the distributions of their hosts. For exam-
ple, members of the ichneumonid subfam-
ily Ctenopelmatinae, most tryphonine ich-
neumonids, and the braconid tribes Ich-
neutini and Proteropini (both usually treat-
ed as belonging to the Ichneutinae; see
Sharkey & Wharton 1994) are all endopar-
asitoids of sawflies, and since sawflies are
most abundant in temperate regions they
are likely to support a higher species rich-
ness of parasitoids there.

In the case of the Braconidae, life history
strategy, idiobioncy and koinobioncy
(Askew & Shaw 1986), is very tightly
linked with whether the wasps develop as
ecto- or endoparasites respectively (Quicke
& Achterberg 1990; Shaw & Huddleston
1991). It is not possible therefore, to dis-
cern which of these life history features is
most responsible for the observed trends.
Further, as biology is usually consistent
within subfamilies within the Braconidae
(Shaw & Huddleston 1991), any latitudi-
nal frends in the ratios of idiobiont to ko-
inobiont taxa will necessarily involve the
differential occurrence or representation
of subfamilies.
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Table 2. Distributions of genera and species of braconid subfamilies with respect to latitudinal zones (see

Fig. 1). Koinobiont subfamilies

Subfamilies
é < U
5 . u £ g
& 5 ) 2 < s 8 2 9] p p= S
Genera
Zone | 2 1 2 13 6 1 0 0 3 0 0 0
Zone I 4 1 6 26 16 3 0 0 5 0 1 1
Zone 111 7 1 7 28 13 3 1 2 5 0 1 1
Zone IV 7 1 6 30 12 4 1 2 5 0 1 1
Zone V 7 2 7 18 13 5 1 2 5 1 1 1
Species
Zone | 3 2 14 73 10 3 0 0 10 0 0 0
Zone II 14 1 64 77 57 4 0 0 55 0 3 3
Zone I 33 2 147 131 54 6 1 2 77 0 4 10
Zone 1V 36 4 111 158 70 6 1 4 98 0 5 26
Zone V 31 5 122 55 34 7 1 2 50 1 5 24

Whilst straightforward taxonomic ef-
fects are undoubtedly involved in deter-
mining the distributions of some groups,
there is a growing evidence that trends in
species richness and diversity may be cor-
related with life history strategy. In partic-
ular, idiobionts whose hosts by definition
do not develop further following initial
parasitization (Askew & Shaw 1986) ap-
pear to be more species rich at lower lat-
itudes than parasitoid taxa that display
the opposite strategy, the koinobionts.

Hawkins et al. (1992) in an attempt to
understand better the latitudinal trends in
parasitoid diversity in North America,
took a different approach in that they con-
centrated on parasitoid assemblage size
per host rather than on the numbers of
species in random field samples. Their
data showed that latitudinal trends in spe-
cies richness are influenced not only by
whether the parasitoids display idiobiont
or koinobiont life history strategies but
also by host feeding niche. In particular,
they found that the diversity of parasit-
oids of exophytic hosts decreased with de-
creasing latitude but that the diversity of

those attacking endophytic hosts in-
creased.

Several hypotheses have been proposed
to account for declines in the species rich-
ness of some parasitoid groups with de-
creasing latitude and for trends in the ra-
tios of idiobionts to koinobionts. These in-
clude Gauld et al.’s (1992) ““nasty’” host
hypothesis, resource fragmentation hy-
potheses (Janzen & Pond 1975; Janzen
1981), interphyletic competition (Eggleton
& Gaston 1990), parasitoid predation ef-
fects (Gauld 1987), host predation effects
(Rathcke & Price 1976), and limited spe-
ciation opportunity as a result of sup-
posed low host recruitment potential
(Shaw 1994). These are not dealt with in
detail here as they are reviewed in detail
by Hawkins (1994).

Our data show that overall, the latitu-
dinal variation in species richness in
North American Braconidae closely re-
sembles that found by Janzen (1981) for
Ichneumonidae, with a peak near the cen-
tral latitudes of the USA and with a dis-
tinct decline in the numbers of species and
genera occurring in the southernmost
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Table 2. Extended
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Subfamilies

2 P < o 2 :é 2

g = i 3 p o2 £ B : 3 Z : Z 3 E

5 3 -4 = z 5 = 3 = 5 = 2 = = z &

11 6 2 0 2 1 1 0 1 1 1 1 2 0 0 58

22 14 2 2 6 1 1 1 2 1 2 12 2 0 1 131

23 17 2 2 5 1 1 1 2 1 2 13 2 1 1 143

21 16 2 2 7 2 1 1 1 1 2 15 1 0 1 143

10 15 2 2 8 2 1 1 2 1 2 10 2 1 1 123

18 6 7 0 2 7 1 0 1 2 2 2 6 0 0 171
122 61 25 3 25 31 1 4 4 2 25 25 17 0 1 634
182 41 30 9 53 49 1 5 4 1 36 57 14 1 1 961
169 43 32 8 61 55 1 8 3 2 32 70 13 0 1 1025
125 33 24 5 51 34 1 8 6 2 23 58 11 1 1 725

states. We have no evidence that sampling
in the southern states has been signifi-
cantly less intense than in more northerly
ones though the possibility cannot be ex-
cluded. Further, it should be noted that in
all five zones some states and provinces
have been collected in much more inten-
sively than others. California, a state that
has been extensively collected, was in-

cluded in our Zone 1V, though it could
equally justifiably have been included in
Zone V as it straddles the boundary lati-
tude more or less evenly. Reanalysis of the
data set with California transferred to
Zone V does not reduce the peaks in spe-
cies and generic richness in zone [V to any
great extent.

Extrapolation of the observed trend in

Table 3. Summary of latitudinal distributions of genera and species of Braconidae in North America and

ratios of koinobiont to idiobiont taxa

No. of No. of
Total no. Area Total taxa idiobiont koinobiont Koinobiont/
of taxa (10° km?) per 10° km? taxa taxa Idiobiont
Genera
Zone | 66 5.19 12.3 8 58 7.25
Zone [l 156 5.76 26.9 25 131 5.20
Zone [l 177 2.62 66.9 34 143 4.17
Zone IV 182 2.57 70.0 39 143 3.64
Zone V 172 2.63 63.8 50 122 242
Species
Zone | 181 5.19 341 10 171 17.10
Zone 11 746 5.76 127.4 112 634 5.66
Zone 111 1157 2.62 437.4 196 961 4.90
Zone IV 1260 2.57 486.8 235 1025 4.36
Zone V 930 2.63 3513 206 724 3.51
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species richness in North America to more
general, temperate/tropical species rich-
ness and diversity questions would be un-
wise. One reason for caution in this re-
spect is that a substantial part of the
southern U.S.A. and northern Mexico is
markedly arid, and this may restrict par-
asitoid species richness as it appears to do
in North Africa (unpubl. data). Further,
even in areas of higher annual rainfall,
ichneumonoids may still be limited by
water availability since it has been pro-
posed that many may need to drink on a
daily basis and rains are typically less reg-
ular (Townes 1971). Townes suggested
that dew formation may be equally if not
more important than rainfall per se in reg-
ulating numbers and species richness of
ichneumonoids in warmer climates, and
that it is for this reason that altitude is an
important factor in determining ichneu-
monoid species richness in the tropics,
dew forming more regularly with increas-
ing altitude. In the case of the Southern
U.S.A., much of the less arid south is at
low altitude and therefore may experience
dew less regularly than required by many
species of parasitoids. However, interpre-
tation of dew and rainfall data is likely to
be far from a simple matter of examining
the mean annual number of dew days for
particular states, and if water availability
is an important factor in limiting ichneu-
monoid species richness in the more
southern states, then rainfall, season, tem-
perature and dew frequency are likely to
be involved together in a complex inter-
action. Further, other important sources of
water for many insects of arid region are
nectar and honeydew, and availability of
these, and their utilization by ichneumo-
noids, may also need to be considered.
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